ABSTRACT Development time and percent survival of the silverleaf whiteßy, Bemisia argentifolii Bellows & Perring (formerly referred to as B strain of sweetpotato whiteßy), were determined at Þve constant temperatures ranging from 20 to 35ЊC on two cultivars of cotton, cantaloupe, and pepper (Capsicum sp.). Fecundity was recorded at 30ЊC during the Þrst 10 d of adulthood. Developmental, survival, and fecundity rates were not signiÞcantly different between cultivars within crops of either cotton or cantaloupe, but varied between crops. Development time from egg to adult at 20 Ð32ЊC ranged from 14.6 Ϯ 0.8 (mean Ϯ SE) to 36.0 Ϯ 1.0 d on cantaloupe and from 16.3 Ϯ 0.7 to 37.9 Ϯ 2.1 d on cotton, respectively. Whiteßies did not develop at 35ЊC or on pepper at any temperature. Minimum developmental thresholds and degree-days requirements from egg to adult were 11.1ЊC and 312.5 DD on cotton and 13.2ЊC and 250.0 DD on cantaloupe, respectively. Immature survival was high (76.5 Ϯ 11.5Ð100%) on cantaloupe, intermediate (37.3 Ϯ 13.3Ð 64.4 Ϯ 10.2%) on cotton, and very low (0 Ð 8.3 Ϯ 8.3%) on pepper from 20 Ð32ЊC. Fecundity ranged from 153.3 Ϯ 10.8 Ð158.3 Ϯ 9.3 eggs per female on cantaloupe, from 117.0 Ϯ 6.0 Ð117.5 Ϯ 22.1 eggs per female on cotton, and from 2.1 Ϯ 0.7Ð 40.5 Ϯ 5.8 eggs per female on pepper, at 30ЊC.
THE SWEETPOTATO WHITEFLY, Bemisia tabaci (Gennadius), and the silverleaf whiteßy, Bemisia argentifolii Bellows & Perring (formerly referred to as B strain of sweetpotato whiteßy), are polyphagous pests affecting a broad range of cultivated hosts including cotton, Gossypium hirsutum L., cantaloupe, Cucumis melo L., pepper, Capsicum annum L., and several other winter, spring, and summer crops in the southern United States and northern Mexico (Perring et al. 1993a (Perring et al. , 1993b Bellows et al. 1994 ). The B. argentifolii can cause severe direct damage by feeding in high numbers or it can cause indirect damage through transmission of plant viruses. Estimates in the states of California, Arizona, Texas, and Florida exceeded $500 million for some crop growing seasons Toscano 1993, Henneberry et al. 1995) . The spread of the B. argentifolii has been aided by its broad host range, high reproductive potential, and migration ability, so knowledge about its biology and population dynamics is critical to developing a whiteßy management program (Riley 1993, Riley and Ciomperlik 1997) .
Main factors regulating whiteßy biology and population dynamics are climatic (temperature, rainfall, and relative humidity), host-plant suitability, natural enemies, and management practices (Avidov 1956 , Horowitz et al. 1984 , Zalom et al. 1985 , Butler et al. 1986 , Gerling et al. 1986 , Eichelkraut and Cardona 1989 , Baumgartner and Yano 1990 , Gerling 1990 , van Lenteren and Noldus 1990 . Temperature and hostplant effects have been identiÞed as important factors affecting development, mortality, and fecundity rates in whiteßy population modeling efforts (von Arx et al. 1983a, Baumgartner and Yano 1990) . This research was conducted to determine the effects of temperature and host-plants on B. argentifolii development, survival and fecundity using Þve constant temperatures and two cultivars each of cotton, cantaloupe and pepper.
Materials and Methods
Bemisia argentifolii adults were obtained from redeye pupae collected from cotton, cultivar ÔDeltapine 80Õ, in the Þeld plots at the Texas A&M Experiment Station at Weslaco, TX, during the spring and summer of 1995 (voucher specimens at the same location). The experiments were conducted on cotton (glabrous leaf ÔDeltapine 50Õ and pubescent leaf ÔStoneville 453Õ cultivars), cantaloupe (ÔTam SunÕ and ÔGold Rush or HMX 9583Õ cultivars), and pepper (ÔJalapaÕ hot pepper and ÔJupiterÕ bell pepper cultivars) which were considered relatively "resistant" and "susceptible," respectively, according to studies reported by Norman et al. (1992) and Riley (1993) . The experiments on development and survival were conducted in temperature-controlled chambers (model I-35, Percival ScientiÞc, Boone, IA) set at Þve constant temperatures: 20, 25, 30, 32, and 35 Ϯ 1ЊC, except for pepper, where 32ЊC was not evaluated because of high mortality on pepper at that temperature. Whiteßy fecundity was studied only at 30 Ϯ 1ЊC. Relative humidity was maintained higher than 60% and the photoperiod was 14:10 (L:D) h. The plants were planted in the greenhouse and then transferred at approximately a Þve-leaf growth stage to the growth chambers. They were watered two or three times a week and fertilized with Miracle-Gro (SternÕs Miracle Gro Products, Port Washington, NY) at a rate of one teaspoon per gallon of water. Four plants were used for each cultivar at each temperature.
Whiteßy adults used for the studies on development and survival were maintained for 48 h on cotton plants in screen cages to complete their preoviposition period. A pair of female and male whiteßies was placed in a 00-size gelatin capsule (Eli-Lilly, Indianapolis, IN) and the capsule was attached to the underside of the third or fourth leaf of each host plant with a sticky clay (Handi-Tak, Pacer Technology, Ranch Cucamonga, CA) for a 24-h period and then moved to a new spot on the leaf into a new capsule. One whiteßy pair was used per plant with four plants of each cultivar at each temperature. Immature stages were reared on the live leaf tissue under the remaining gelatin capsules. The duration and survival of immature stages were determined daily by observation under a dissecting microscope (at 30ϫ). Pairs of newly emerged female and male adults were placed into gelatin capsules and attached to the underside of the third or fourth leaf from the plant top of each host plant to determine whiteßy fecundity. Two pairs of adults were used per plant and eight pairs were used per cultivar. The pairs were moved to a new gelatin capsule on another leaf location on the same plant every two days. The gelatin capsule microcages were checked under a dissecting microscope (at 30ϫ) at 2-d intervals to quantify the number of eggs deposited. When a femaleÕs death was thought to be caused by handling, the data were not used in calculating mean fecundity values.
Statistical Analysis. A three-way analysis of variance (ANOVA) was made with temperature as the main effect, crop as the sub effect, and cultivar within crop as the sub-sub effect. Tukey studentized range test, and least signiÞcant difference (LSD) test (PROC ANOVA, SAS Institute 1987) were conducted to assess differences in developmental times and percent survival for each stage and the total life cycle among host plants and temperatures. The arcsine transformation of proportions of survival was used in the statistical analyses. One-way ANOVA and TukeyÕs studentized range test (PROC ANOVA, SAS Institute 1987) were carried out to evaluate differences in daily and cumulative fecundity among host plants.
Developmental rates for each life stage and total life cycle were calculated at each temperature as the reciprocal of developmental times. Regression analyses of developmental rates versus temperature (PROC REG, SAS Institute 1987) were conducted for each life stage and total life cycle by pooling the data of the two cultivars of each crop. Simple linear equations and StinnerÕs algorithm (Stinner et al. 1974) were used to describe the relationships among temperatures and developmental rates for estimates of degree days. Minimum development thresholds (DT) and degree-days (DD) for individual and total growth stages were estimated from the following linear regression: DT ϭ Ϫb0/b1, and DD ϭ 1/b1; where b0 and b1 are the intercept and slope, respectively.
Results and Discussion
Temperature Effects on Development. SigniÞcant main effects of temperature on developmental times for eggs, Þrst, second, third, and fourth instars, and total life cycle were detected ( on this cultivar, which was very similar to the glabrous cotton (Table 2 ). In general, these data suggest that temperature ranges commonly found under cotton Þeld conditions can have a profound effect on whiteßy reproduction. Mean developmental times of whiteßy eggs on cantaloupe, Tam (Table 3) .
In pepper, only the egg stage completed its development. Oviposition was lower on pepper compared with cotton and cantaloupe (mean daily eggs Ϯ SE/d for 1-to 2-d-old adult females at 30ЊC on ÔJalapaÕ, Jupiter, Stoneville 453, Deltapine 50, Tam Sun, and Gold Rush, respectively: 1.1 Ϯ 0.4c, 2.7 Ϯ 1.0bc, 5.8 Ϯ 1.1ab, 6.7 Ϯ 1.1ab, 9.5 Ϯ 1.5a, 9.6 Ϯ 1.3a, n ϭ 8, P Ͻ 0.05, the Tukey studentized range test). Duration times for this stage varied from 13.9 Ϯ 0. Host Plant Effects on Development. SigniÞcant main effects of crops were detected for developmental times of eggs, Þrst instars, third instars, fourth instars, and the egg to adult period (Table 1) . SigniÞcant main effects of cultivars were detected only for the Þrst instar (F ϭ 5.4; df ϭ 1, 45; P ϭ 0.02). SigniÞcant temperatureÐ cultivar (F ϭ 3.0; df ϭ 3, 45; P ϭ 0.04) and temperatureÐ cropÐ cultivar (F ϭ 3.3; df ϭ 3, 45; P ϭ 0.03) interactions were detected for the overall development period from egg to adult. Developmental times of the B. argentifolii on cotton (Table 2) tended to be longer than those observed on cantaloupe (Table  3) , particularly for the Þrst instar at 20ЊC (7.4 Ϯ 0.6 and 5.2 Ϯ 0.9 d, respectively), 30ЊC (3.2 Ϯ 0.4 and 2.6 Ϯ 0.6 d, respectively), and 32ЊC (3.6 Ϯ 0.5 and 2.8 Ϯ 0.3 d, respectively), third instar at 25ЊC (2.9 Ϯ 0.9 and 1.2 Ϯ 0.4 d, respectively), fourth instar at 30ЊC (5.4 Ϯ 0.3 and 2.5 Ϯ 1.0 d, respectively), and overall development time from egg to adult at 20ЊC (37.9 Ϯ 0.8 and 35.9 Ϯ 0.7 d, respectively) and 30ЊC (17.3 Ϯ 0.3 and 14.7 Ϯ 1.0 d, respectively). Nymphs did not develop on pepper at any temperature. In general, developmental times did not differ signiÞcantly between cultivars within individual crops.
Development Rate-Temperature Relationships. There was a typical curvilinear trend for the relationship between development rates of eggs and temperature on cotton, cantaloupe, and pepper. In general, developmental rates increased with temperature until 30ЊC. Above 30ЊC development rates decreased. For cotton and cantaloupe there was a smooth trend throughout the temperature range. On pepper the developmental rate at 30ЊC was very low due to the long developmental time (7.5 Ϯ 1.0 d) of eggs at 30ЊC on Jalapa. Developmental rates of eggs on cantaloupe and cotton were similar with slightly higher values on cotton at 30 and 32ЊC and a higher value on cantaloupe at 35ЊC (Fig. 1A) . Egg developmental rates on cotton in this study were similar to those observed by Butler et al. (1983) for biotype A in Arizona and by Wagner (1995) for biotype B in Mississippi on cotton, but they are smaller than those reported by Powell and Bellows (1992a) for biotype A in California.
The development rateÐtemperature relationships for the nymph stage indicate a smooth curvilinear trend on cotton and cantaloupe. Nymphal development rates increased with temperature until 30ЊC and decreased at 32ЊC. Development rates of nymphs on cantaloupe were higher than those obtained on cotton, particularly at 30 and 32ЊC (Fig. 1B) . Nymphal developmental rates on cotton in this study were slightly smaller than those obtained by Powell and Bellows (1992a) on biotype A in California and by Wagner (1995) on biotype B in Mississippi.
The development rateÐtemperature relationships for the total life cycle, from egg to adult, show a smooth curvilinear trend on cotton and cantaloupe. Development rates increased with temperature until 30ЊC and decreased at 32ЊC. Total developmental rates on cantaloupe were higher than those obtained on cotton at 30 and 32ЊC (Fig. 1C) . Total development rates on cotton in this study were similar to those reported by Butler et al. (1983) for biotype A in Arizona on cotton. Total developmental rates on cotton at 20 and 25ЊC in this study were smaller than those obtained by Powell and Bellows (1992a) for biotype A in California and by Wagner (1995) for biotype B in Mississippi. At 30 and 32ЊC, total development rates in this study and WagnerÕs (1995) study were similar. Wagner (1995) obtained development for eggs and nymphs at 34.7ЊC; but in our study, nymphs did not develop at 35ЊC and in the Butler et al. (1983) study nymphs did not develop above 32.5ЊC. Differences in rearing conditions, host plant cultivars, and techniques can be found in these studies, which could account for the differences observed in developmental rates.
Simple linear equations and the algorithm by Stinner et al. Õs (1974) were Þt to the data of development rates on cotton and cantaloupe. Simple linear regression analysis of developmental rates versus tempera- ture, across the linear response, were carried out for all life stages and the total life cycle on both crops with the purpose of estimating developmental thresholds and degree-days requirements. Parameter estimates were calculated for both crops (Table 4 ). The Stinner et al. (1974) algorithm precisely described the relationship between developmental rates and temperature across the response range for eggs, nymphs, and the total life cycle on both crops (Table 5) , which should be useful in the development of population models.
Degree-Day Requirements. Minimum developmental thresholds and degree-day requirements were estimated for the B. argentifolii in cotton and cantaloupe from the linear regression equations developed to describe the relationship between developmental rates and temperature. Minimum developmental thresholds for eggs were similar in cotton and cantaloupe. However, they were higher in cantaloupe for nymphs and the total life cycle. Whiteßies required 313 DD to complete their development from egg to adult in cotton and 250 DD in cantaloupe (Table 6 ). The minimum developmental threshold obtained in this study in cotton was closer to those determined by Zalom et al. (1985) than those reported by Powell and Bellows (1992a) . Degree-days requirements for the total life cycle in cotton obtained in this study were similar to those determined by Zalom et al. (1985) , Natwick and Zalom (1987) , and Verma et al. (1990) .
Temperature Effects on Survival. SigniÞcant main effects of temperature on percent survival for the Þrst instar, second instar, third instar, fourth instar, and adult were detected (Table 1) . Whiteßy survival from egg to adult on cotton, cultivar Deltapine 50, varied from 37 to 56% at temperatures from 20 to 32ЊC. No insect survived at 35ЊC after the third instar. There were no signiÞcant survival differences among temperatures from 20 to 32ЊC on this cultivar. Immature survival on cotton, cultivar Stoneville 453, varied from 38 to 64% for temperatures between 20 to 32ЊC. One hundred percent mortality was observed after the third instar at 35ЊC. There were no signiÞcant differ- ences in percent survival for temperatures between 20 to 32ЊC on this cultivar (Table 7) . Egg to adult survival on cantaloupe varied from 84 to 100% in the cultivar Tam Sun, and from 77 to 89%, in the cultivar Gold Rush, at temperatures from 20 to 32ЊC. All whiteßies died after the second instar at 35ЊC on both cultivars. Survival differences at temperatures from 20 to 32ЊC were not statistically signiÞcant for both cultivars (Table 8) .
In pepper, no survival was observed after the second or third instar at all temperatures except at 25ЊC on the cultivar Jupiter. Eggs were able to reach the Þrst instar at all temperatures. Survival through the Þrst instar varied from 75 to 100% at temperatures from 20 to 32ЊC on both cultivars. At 35ЊC, survival through the Þrst instar was 1 and 5% for the cultivars Jalapa and Jupiter, respectively (Table 9) .
When whiteßy mortality data obtained in this study on cotton were compared with those reported by Powell and Bellows (1992a) and Wagner (1995) at the same temperatures, we found that they were very similar to Powell and BellowsÕ data, but different from WagnerÕs data. Rearing conditions and the cotton cultivar in Powell and BellowsÕ study were similar to those used in this study. However, rearing conditions and cotton cultivars used in WagnerÕs study differed in that Wagner used cotton seedlings (cultivars ÔDES 119Õ and ÔPima S-6Õ) with only the Þrst true leaf and exposed them to whiteßy adults reared on cotton plants in the greenhouse.
Host Plant Effects on Survival. SigniÞcant main effects of crops on percent survival for the Þrst instar, second instar, third instar, fourth instar, and adult were detected (Table 1) . SigniÞcant temperatureÐ crop interaction was detected for the Þrst instar (F ϭ 9.6; df ϭ 7, 82; P ϭ 0.0001), second instar (F ϭ 13.0; df ϭ 7, 82; P ϭ 0.0001), third instar (F ϭ 17.0; df ϭ 7, 82; P ϭ 0.0001), fourth instar (F ϭ 15.7; df ϭ 7, 82; P ϭ 0.0001), and adult (F ϭ 12.0; df ϭ 7, 82; P ϭ 0.0001). Percent survival through whiteßy stages on the different crops displayed a similar trend for temperatures from 20 to 32ЊC. Whiteßy survival from egg to adult was high on cantaloupe (77 to 100%) (Table 8 ) and intermediate for cotton (37 to 64%) (Table 7) , from 20 to 32ЊC. Whiteßies did not survive to the adult stage on pepper (Table 9 ). Whiteßy survival through the Þrst instar was higher on cotton (43 to 69%) than on cantaloupe (2.8 to 2.6%) and pepper (1.3 to 4.7%), at 35ЊC. Even though there were large differences between crops, we detected no signiÞcant differences in percent survival between the whiteßy-tolerant and -susceptible cultivars that we selected for any whiteßy stage within a crop.
Both Costa et al. (1991) and Powell and Bellows (1992a) studied sweetpotato whiteßy survival on different host-plant species. Powell and Bellows (1992a) concluded that very little difference in mortality was observed between cotton and cucumber. However, Costa et al. (1991) found signiÞcant differences in the proportion of sweetpotato whiteßy surviving from egg to adult stage on seven host-plant species. A high proportion of survival (0.83) occurred on zucchini, intermediate levels of survival (0.52Ð 0.59) were recorded for cantaloupe, cotton, and pumpkin, and a low proportion of survival was observed on lettuce (0.26) and tomato (0.17). Horowitz et al. (1984) reported an egg to adult survival on cotton under laboratory conditions of 75% whereas only 17% survival occurred under Þeld conditions, which corresponds to a reduction of 77%. They concluded that most mortality occurred during the Þrst instars and it was primarily attributed to climatic factors.
Host Plant Effects on Fecundity. Mean daily fecundity ranged from 8.3 Ϯ 2.8 (mean Ϯ SE) to 19.0 Ϯ 2.5 eggs per female and from 9.6 Ϯ 1.3Ð18.6 Ϯ 1.4 eggs per female on cantaloupe, cultivars Tam Sun and Gold Rush, respectively. Mean total fecundity was 153.3 Ϯ 10.8 and 158.3 Ϯ 9.1 eggs per female on cantaloupe, cultivars Tam Sun and Gold Rush, respectively. Mean daily fecundity ranged from 6.7 Ϯ 1.1Ð13.5 Ϯ 3.5 eggs per female and from 5.8 Ϯ 1.1Ð12.7 Ϯ 1.8 eggs per female on cotton, cultivars Deltapine and Stoneville 453, respectively. Mean total fecundity was 117.5 Ϯ 22.1 and 117.0 Ϯ 6.0 eggs per female on cotton, Deltapine 50 and Stoneville 453. On pepper, Jupiter, mean daily fecundity varied from 2.7 Ϯ 1.0 Ð 6.4 Ϯ 1.3 eggs per female. On pepper, Jalapa, oviposition occurred only during the Þrst 2 d of B. argentifolii age with a mean daily fecundity of 1.0 Ϯ 0.4 eggs per female. All females died after the third day of being caged on this cultivar. On pepper, mean total fecundity was only 2.1 Ϯ 0.7 eggs per female for whiteßy-tolerant Jalapa, whereas it was 40.5 Ϯ 5.8 eggs per female for Jupiter, the susceptible cultivar. Daily fecundity differences through the sixth day of B. argentifolii age were signiÞcant among host plants (1Ð2 d: F ϭ 10.2; df ϭ 5, 39; P ϭ 0.0001, 3Ð 4 d: F ϭ 7.9; df ϭ 4, 24; P ϭ 0.0003, 5Ð 6 d: F ϭ 4.3; df ϭ 4, 19; P ϭ 0.01). Daily fecundity on cantaloupe was higher than that observed on pepper and similar to the fecundity obtained on cotton. There were no signiÞcant differences in daily fecundity among host plants after seven days of being placed in the cages (7Ð 8 d: F ϭ 2.9; df ϭ 4, 16; P ϭ 0.06, 9 Ð10 d: F ϭ 3.1; df ϭ 4, 11; P ϭ 0.06) (Fig. 2) . Total fecundity differed signiÞcantly among host plant species (F ϭ 11.7; df ϭ 4, 11; P ϭ 0.0006). Differences in total fecundity were signiÞcant between cantaloupe and pepper and between cotton and pepper, but not between cantaloupe and cotton. There were no signiÞ- Sample size in parentheses is initial number of eggs per four replicates. Means within stage followed by the same letter are not signiÞcantly different, P Ͻ 0.05, using Tukey studentized range test. Sample size in parentheses in initial number of eggs per four replicates. Means within stage followed by the same letter are not signiÞcantly different, P Ͻ 0.05, using Tukey studentized range test. cant differences in total fecundity among cultivars of cantaloupe and cotton.
The mean total fecundity observed in cotton in this study was higher than the values obtained by Butler et al. (1983) , Horowitz and Gerling (1992) and Powell and Bellows (1992b) at 29ЊC and 32ЊC under laboratory conditions and Husain and Trehan (1933) under Þeld conditions. Total fecundity values obtained by von Arx et al. (1983b) and Powell and Bellows (1992b) at 20 and 25.5ЊC under laboratory conditions were higher than the fecundity value determined in this study. Whiteßy fecundity values on Deltapine 50 and Stoneville 453 reported by Decanini et al. (1995) were similar to those found in this study. The few differences in fecundity values obtained in this study on cotton may have been due differences in cotton cultivars, temperature, rearing techniques, and whiteßy populations.
Cantaloupe and cotton are highly suitable crops for B. argentifolii reproduction and population growth according to data obtained in this study, whereas pepper is clearly a poor host for this insect. The higher fecundity and lower mortality of B. argentifolii on cantaloupe compared with cotton and pepper supports Þeld observations that whiteßies increase more rapidly on cantaloupe than other crops. Development time remains fairly consistent between host plants and is primarily affected by temperature. These data suggest that cantaloupe is a relatively good host crop for whiteßy, cotton is intermediate, and pepper is a poor reproductive host. Also, this study provides a direct comparison of the reproductive potential of three distinct crops, cotton, cantaloupe, and pepper, and their associated cultivars, which can aid in the development of regional whiteßy population models for multiple cropping systems.
